The transportation sector is one of the largest sources of EU's greenhouse gas emissions. In 2011, transportation represented approximately 25 percent of total EU's greenhouse gas emissions. Urban mobility accounts for 40% of all CO 2 emissions of road transport and up to 70% of other pollutants from transport. As, transportation and mobility play a crucial part both in urban economics and the quality of life, it is of great significance to ensure a low carbon transportation sector, so as to deal with the threat that climate change poses to urban areas. This study examines the factors that affect the production of carbon dioxide (CO 2 ) as well as of air pollutants, in 9 major European cities, aiming to provide a comprehensive overview of the actual knowledge on the atmospheric pollution from public transportation systems. CO 2 emissions as well as air pollutants, such as CO, HC, PM, NOx are calculated for the diesel and CNG bus fleets of the European cities under study. Finally the environmental benefits, in terms of CO 2 and CO, HC, PM, NOx emissions reductions, from the penetration of different biodiesel blends (from B10 to B100) to the bus fleets are estimated.
Introduction
In 2009, CO 2 emissions, from the transportation sector increased, with over 50% of those emissions coming from passenger vehicles [1] . Since 1990, greenhouse gas emissions (GHG) from the transport sector in the EU have grown considerably and they are projected to continue increasing [2] . Public transportation systems play a crucial role to cities, as they are responsible for the mobility and access to most activities; nonetheless the transition to a low carbon public transportation system is challenging. In this context, cities lay out the path for CO 2 mitigation, showing the way to a low carbon public transportation system. Especially in the case of European cities that encounter problems originated from transport and traffic, the challenge is to improve mobility whilst at the same time reducing the use of fossil fuels, traffic congestion and air pollution. Alone in the UK some 30000 deaths were linked to air pollution in 2008 -with 4000 in London alone [3] .
As per National Strategic Reference Frameworks, which was submitted by EU Member States, the sustainable urban transport is a key area to be examined [4] . The upgrading of public transport services in conjunction with affordable transportation fares seems to be a cost-effective measure for fuel savings and emissions reductions from urban transportation. In this context and in line with the objectives set by the European Commission's White Paper on transport, the European Union has adopted specific policy targets for transport [5] . The White Paper sets the target of achieving a 60 % reduction in greenhouse gas emissions (GHG) from transport by 2050 compared to 1990 levels. This target represents the contribution of the transport sector to the overall EU objective of a 80-95 % reduction of its GHG as stated in the Roadmap for a low carbon economy by 2050 [6] .
The environmental impacts caused by public transportation systems, and especially by buses, have been extensively studied, including inter alias the studies of Ally and Pryor [7] , Beer et al. [8] ,Caulfield and Ryan [9] , Sheehan et al., [10] , Oua et al. [11] .
This study intends to demonstrate the necessary steps that need to be taken, so as to increase the attractiveness of public transport leading to a low carbon public transportation system. This study aims to assess the sustainability of public transportation systems in nine European cities. This should help policy makers and other parties involved in CO 2 emission reduction to review current policies and define new, effective policy measures. The positions of the cities under study with respect to long term sustainability issues such as pollutant emissions and GHG are assessed. Although the main focus is on the improvement of air quality, other drivers affecting the sustainability of the public transportation sector -such as the impact of economic growth and the ticket prices are also considered. The majority of bus fleets in the cities under study uses conventional diesel fuel with some contribution from natural gas buses.
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Methods
The methodology used for the estimation of emissions takes into consideration the exhaust emissions of CO, NOx, CO 2 , PM and HC for each vehicle technology of the nine European cities bus fleets. Since, PM mass emissions in vehicle exhaust mainly fall in the PM2.5 size range, all PM mass emission factors are assumed to correspond to PM2.5. The fuel used by different vehicle categories as well as their emission standards are taken into consideration. In this context, the vehicle category of buses includes urban CNG buses and urban diesel buses according to emission-control legislation categories (EUROI, II, III, IV, V, VI). The technical data used take into account national variations.
The parameters that the variations include inter alias are: fuel consumption, composition of vehicle park, vehicle age, driving patterns, some fuel parameters and climatic conditions. Other variations which may exist, e.g. variations in vehicle maintenance, are not accounted for, because there is not enough data available to do so. The calculation is based on the following main types of input parameters: total fuel consumption, vehicle technology, vehicle park, driving condition, emission factors.
The emission factors are stated in units of grammars per vehicle-kilometer for each vehicle technology. These average European emission factors are determined using typical values for driving speeds, ambient temperatures, highway-rural-urban mode mix, trip length, etc. [12] . Based on the above and in order to calculate the emissions of each vehicle technology, the following equation is used:
Ei,j = Σk (N j,k× Mj,k× EFi,j,k) (1) where, j are the vehicle categories of diesel and CNG buses, k is the technology of each category (i.e. EURO I, EURO II, etc), Nj,k is the number of vehicles in the city's under sturdy bus fleet of category j and technology k, Mj,k represents the average annual distance driven per vehicle of category j and technology k, EFi,j,k represents the technology-specific emission factor of pollutant i for vehicle category j and technology k.
The emissions factors used are obtained from the studies of Beer et al [13] as well as of Nylund et al, [14] . Table 1 presents the emissions factors used for the diesel bus fleet; whereas 
Metropolitan Areas Characteristics
The cities under study are located in Europe and have some similarities as well as differences ( Table 3 ). The areas are very heterogeneous in every socio-economic aspect considered. For instance, in terms of population, the foremost inhabited region is the capital of Spain with over 5 million people (Madrid-6,458,684) whereas Rzeszow is the least (181,204 inhabitants). Barcelona has the second greatest number of inhabitants (5,010,000 inhabitants) followed by Athens (4,376,208 inhabitants) and Valencia (1,800,031,220 inhabitants). During the past decade the population of Barcelona has declined, contrary to marked demographic increases in the wider metropolitan area [15] . Table 3 . Basic socioeconomic data of urban areas -2010 Concerning the surface area, Madrid has the biggest area (8,026 km 2 ), then Barcelona (3,239 km 2 ) and Bari (2,270 km 2 ), while Rzeszow with an area of 116.56 km 2 presents a low level of urbanization due to its city boarders change during the period of 2006 -2010. Athens and Bari in terms of surface area are densely populated (5,882 and 2,758 people per square kilometre). Madrid and Barcelona have in common the significant disperse urban development, which took place during the past decade and was accompanied by increased land consumption.
With regards to the economic figures, the average annual GDP per capita in the cities is 24,472 €, with great differences from Copenhagen (57,661 €/inhabitant-year) to Rzeszow (9,740 €/inhabitant-year).Unemployment rates are also associated with the economic structure of each city. The Spanish areas show high score (24.7% in Valencia, 21.3% in Madrid, 20.5% Barcelona), followed by Athens (20.9%). On the other side, Copenhagen with only 6.5% and urban area of Newcastle with 7% have the lowest unemployment rates of the areas among the available data. These data are closely linked to the economic structure in each city, but there can be differences in comparison coming from different labor legislation.
Bus Transport Networks
The urban areas under examination have dense bus networks. Madrid and Barcelona are the cities with the greatest number of bus lines with 693 and 692 lines respectively. Likewise Athens and Newcastle have more than 300 lines as whole network. Table 4 . Characteristics of bus transport networks under study -2010 The length of the urban bus networks on average reaches 8,768.76 km. The bus networks of Barcelona and Madrid are the biggest, coming up to 28,705 km and 25,916 km respectively. Athens and Valencia follow with 8,500 km and 3,909km. With regards to bus fleets, the average number of buses of the cities under study is 1,660 with great differences. The bus fleet of the city of Madrid comprises of 4,216 vehicles having an average age of 6.1 years. The bus fleets of Barcelona, Valencia and Athens follow with 2,318; 2,281 and 2,151 buses respectively and an average age of 9 years. Newcastle follows with 1,104 buses. The bus fleet of Bari comprises of 235 buses (average age of 8 years); whereas the bus fleet of Rzeszow comprises of 156 buses (average age of 15 years).
In some cities one single company operates the urban lines. This is the case for example of Athens (over 300 lines), Bari (71 lines) and Rzeszow (46 lines). ETHEL S.A. (member of the OASA, who is the shareholder of Public Transport Operators) operates the buses that serve the capital of Athens. Azienda Mobilità e Trasporti Bari S.p.A. (AMTAB) operates the buses that serve Bari. Transports Metropolitans de Barcelona (TMB) operates two transport networks (bus and underground metro) serving the city of Barcelona; whereas the whole Region of Madrid (Comunidad de Madrid) is served by a network of public transport managed by the Madrid Transport Authority (Consorcio Regional de Transportes de Madrid -CRTM-) [26] . Overall the demand for bus transport in Barcelona rose 0.6% compared to 2010 [25] . Copenhagen's bus network is managed by the public transport agency Movia, and is an integrated part of the Greater Copenhagen bus system; bicycling and walking dominate in the City of Copenhagen (67% of all trips), and only 8% of the trips happens by bus [21] .Bus services in Newcastle are predominantly run by commercial operators (Arriva, Go North East and Stage Coach)as well as by Nexus, which includes 10% of the bus network [28] . It is noted that in Newcastle catchment area 77% of total public transport journeys are made by bus.
The buses in Madrid and Athens transported more than 400 million passengers in 2011; whereas in Barcelona more than 200 million, in Newcastle more than 100 million and in Copenhagen about 90 million. The smallest number of passengers has been recorded for the city of Rzeszow (around 13 million) and is mainly attributed to the low quality of service. It is noted that in Rzeszow the number of passengers of public transport decreased from about 43 million to 36 million a year, from 2004 to 2010.
Diesel and CNG Bus Fleets
The air pollution and the environmental burdens of diesel-fuelled buses have been examined in a large body of literature. It has been shown that diesel-fuelled buses are responsible for pollutants emissions such as carbon dioxide (CO 2 ), carbon monoxide (CO), sulphur dioxide (SO 2 ), sulphates (SO 4 ), nitrogen oxides (NOx), particulate matter (PM 2.5 and PM 10 ) and volatile organic compounds (VOCs). The above mentioned air pollutants play a significant role to smog formation and have been associated with heart disease, respiratory illnesses, as well as premature death [37] [38] [39] [40] .
In 2010 diesel buses in the European cities under study with EURO III engine technology emitted 900,646 tons of CO 2 whereas EURO V engine technology buses emitted 49,628 tons of CO 2 (Fig. 1) . As the engine technology improves (EURO I to EURO V) the emitted CO 2 per kilometer driven is reduced. As far as the diesel-engine vehicles are concerned, the emissions are associated with the type of engine technology. For instance, air emissions are greater for Euro II vehicles compared to EURO III, EURO IV and EURO V. Not all cities have the same diesel technology buses. For instance EURO I engine technology is available in Athens, Rzeszow, Newcastle and Valencia; whereas EURO V vehicle technology is not available in Bari and Rzeszow.
Fig. 1. CO 2 emissions per diesel engine type in 2010
In terms of CO 2 emissions the cities of Madrid and Newcastle have the highest diesel buses' emissions (1,028,422 and 543,109 tons of CO 2 ) followed by the cities of Barcelona and Athens with 134,893 and 125,467 tons of CO 2 respectively. The city with the lowest CO 2 emissions (12,170 tonnes) is Rzeszow (Fig. 2) . It is obvious that as the engine technology improves (EURO Ι to EURO V) the emissions of NO x , PM, CO and HC resulting from the diesel buses are significantly reduced (Fig. 3-6 ). Madrid and Barcelona in terms of CO emissions are the cities with the highest diesel buses' emissions (661and 151 tonnes of CO) followed by the cities of Newcastle and Athens with 130 and 113 tonnes of CO respectively. The city with the lowest CO emissions (13 tonnes) is Rzeszow (Fig. 3-4) . Figure 7 illustrates the emissions from CNG bus technologies in each city. It is noted that from the cities under study only the cities of Athens, Barcelona, Bari, Madrid and Rzeszow have CNG buses. In this context, the city with the highest concentration of HC resulting from CNG bus fleet is the city of Barcelona followed by Madrid and Rzesow; this is attributed to the fact that the available CNG technology in these cities is EURO II engine vehicle. 
Biodiesel Use in Bus Fleets
The use of biofuels aiming at EU's oil imports reduction as well as at GHG emissions mitigation has been promoted by many European Directives. These Directives include among others: Given that more than 98% of EU's transport sector relies on fossil fuels, biofuels might have a role to play to reduction of energy dependency and climate change mitigation. Until now conventional diesel buses have dominated the market, with some contribution from natural gas buses. As the technology options are increasing rapidly and various biofuels are offered as blending components for urban buses, the investigation of the potential benefits from the use of different biodiesel blends in the bus fleets of the cities under study, can play a significant role for a sustainable public transportation system. In this context, five alternative biodiesel blends that can be used in the urban buses of the cities under study are assessed, using as data input the calculated emissions presented in previous section. The biodiesel blends, under study, range between 10% to 100% biodiesel and 90% to 0% diesel (Β10, B30, B50, B80 and B100). The use of biodiesel in conventional diesel engines has a downward trend in tailpipe emissions. The emission abatement for engines manufactured before 2010, increases along with the percentage of biodiesel blends (from 10% to 100%). Concerning the engines manufactured in 2010, these have to meet the same emissions standards, regardless of the fuel (diesel, biodiesel, natural gas). Fig. 8 is illustrative of the CO 2 benefits that B100 provides, resulting to lower CO 2 emissions at a percentage of 78.45% (compared to equivalent diesel emissions). The use of B100 to the public buses of the cities of Madrid, Barcelona, Riga and Athens, which have the highest concentrations of diesel CO 2 emissions, could be beneficial for a low carbon transportation system. Lower-level blends, such as B80, also provide benefits, as B80 seems to reduce PM emissions approximately 59% compared to equivalent diesel emissions; whereas B20 reduces PM emissions 10% (Fig. 9) . The cities of Athens, Madrid, Bari, Newcastle and Rzeszow having in their bus fleets many buses of EURO I and EURO II vehicle technologies could benefit the most with the use of either B20 or B80 blends. It is noted that due to insufficient data availability regarding the distribution of buses in the city of Copenhagen by EURO-norm, Copenhagen was not taken into consideration. PM emissions for the different biodiesel blends-logarithmic scale B20 seems to reduce CO by 10%; whereas B100 to reduce CO by 48% (Fig. 10) . The cities of Madrid, Barcelona and Newcastle could benefit the most from the use of biodiesel blend in their bus fleets. Additionally, B20 seems to reduce unburned HC 10% in older engines; whereas the use of B100 seems to reduce HC 48%. The cities of Madrid, Barcelona and Athens could benefit the most (Fig. 11) . (Fig. 12 ) that these are increased as the percentages of biodiesel in the biodiesel mixes are increased (10.29 % increase in B100 blend compared to equivalent diesel emissions).
Fig 12. NOx emissions for the different biodiesel blends
It is noted that the abovementioned results of this study indicate that first generation biodiesel is beneficial with respect to the saving of fossil energy and to the greenhouse effect; nevertheless is detrimental regarding acidification, and eutrophication [41] .
Discussion
Mobility plays a significant role both is economy and society, allowing people and goods to move around to where they can be profitably employed and also allows people to be able to maximise their opportunities and maintain their standards of living. Additionally, mobility has an environmental cost in terms of air pollution and damage to the natural environment as transport per passenger is related to energy consumption [42] . Most transport demand is positively correlated with GDP [43] . It can be assumed, that cascading financial and political crises will affect the public transportation systems of the cities under study. Some of the consequences of the financial crisis include the increase of fuel prices (+50%), reduction of gross income (25%-40%), increase of direct taxes, additional income and property taxes, increase of Value Added Tax (~30%) resulting in severe reduction of disposable income. The consequences on public transport include the reduction of state subsidy, resulting to increases in bus tickets. This is the case for example for the city of Athens where the urban bus tickets increased 25% during the period of 2009 to 2011.
Increases in GDP could lead to decrease in bus fares as rising incomes could lead to higher car ownership, leading to a reduction in public bus demand. Changes in transport prices have an indirect impact on the environment due to the way in which transport demand responds to price signals. Changes in the price of a particular transport mode at first have relatively small effects as people have limited short-term options to adapt to the new situation. In the longer term, effects are greater as the options for behavioural adaptations increase. As an example, a rise in automotive fuel taxes may, over time, lead to a wide spectrum of reactions, such as a shift to public transport, increased car sharing, decreased car use, a transition to more fuel efficient cars and eventually reduced commuting distances due to relocation closer to work. Nevertheless Fig. 13 indicates a positive correlation between the cost of bus tickets and GDP in the cities under study, as the GDP increases the cost of bus tickets increases. Affordability is clearly an extremely important consideration for a sustainable public transportation system. National schemes should be implemented in order to provide subsidies to people on low incomes.
Fig 13.
Bus ticket price and income for the cities under study Fig. 14 illustrates the correlation between carbon emissions and population density. It is noticed that dense urban settlements are connected with lower per capita carbon emissions. This can be attributed to the fact that in dense urban settlements the services are concentrated, reducing by this way the need to travel large distances. In addition, in dense urban settlements the provision of public transportation networks is better.
Fig 14. Carbon emissions and population density for the cities under study
Cities of different wealth levels have different environmental impacts. Differences in the levels of emissions coming from the different systems of each city depict differences in the quality and utilisation of bus networks. Carbon emissions are correlated to income. In general, per capita incomes are higher in cities resulting to higher average per capita demand in major emissions sources. Nonetheless this applies only to a certain income level, after which cities become more carbon-efficient compared with the average. Fig. 15 , supports above argument as it illustrates the relatively low levels of CO 2 emissions produced by high income cities like Copenhagen. The latter can also be attributed to the fact that two-third of all trips are done by walking and bicycling, and only 8% done by bus indicating that the share of bus trips in Copenhagen are lower than in most of the other cities under study. The cities of Riga and Rzeszow have a lower environmental impact compared to the cities of Newcastle and Barcelona, which they are characterized by significantly higher income levels (Fig. 15) .
Fig 15. Carbon emissions and income for the cities under study
An efficient and flexible transport system is essential for a future low carbon transport system. In this context, an integrated approach should be ensured, so as to move towards a low carbon public transportation system. The different levels of emissions coming from each European's city's bus fleet point out differences in the size of cities as well as the length, bus fleet and utilization of the bus network. However, for all abovementioned systems it is noted that the use of alternative fuels for public transport-such as different blends of biofuels can reduce both local pollution and health inequality leading to low carbon transport system. Cities can expand and optimize public transportation in general promoting sustainable the use of alternative propulsion technologies. Further research is needed; in order to investigate the environmental impacts of the usage of different alternative fuels (biogas, bioethanol, etc), fuel cells as well as electricity to the European bus fleets under study. This research could help policy makers to take decisions regarding the creation of a low carbon public transportation system.
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